The effect of chili pepper leaves (CPL) on the sensory characteristics, microbial load, consumer acceptability, and nutritional quality of salt bread was evaluated. Crushed and powdered CPLs were used in salt bread at different substitution levels: 0 (control), 0.5, 1, 2, 3 and 4% (wt/wt flour). All sensory attributes of salt breads with 0.5% crushed CPL (CCPL) or powdered CPL (PCPL) were comparable with the control. The consumer acceptability for 0.5% CCPL and PCPL were 97 and 93%, respectively. The use of 0.5% CPL in salt bread boosted the β-carotene content from <1 µg/100 g to up to 238 µg/100 g and significantly increased the folate and iron levels. Water activity values were comparable with the control and microbial counts of the enriched products were within acceptable limits. Results showed that CPL can be incorporated in salt bread as a means to improve iron, vitamin A, and folate nutrition in areas where micronutrient malnutrition is prevalent.
the samples were evaluated using a 15-cm unstructured scale. The panelists were then asked to rank the samples (1=highest). Samples with overall acceptability ratings of at least 7.5, the halfway point of the scale, were considered acceptable. The supplemented salt breads with the acceptability ratings not significantly different from the control for CCPL and PCPL were subjected to physical, microbial, and nutritional analyses, and consumer sensory evaluation.
Final product evaluation: Physical analysis
The moisture content (MC) of the samples was determined using AOAC Method 925.10(AOAC 2005) . Water activity (a w ) was measured using a calibrated Lufft Durotherm a w -Wert-Messer water activity meter.
Microbial load determination Total plate and mold counts were determined by colony count methods of Vanderzant and Splittstoesser (1992) .
Consumer acceptability test Fifty nine PhilRice employees
and on-the-job trainees (>18 y/o) who are representative of adult Filipino consumers that regularly consume salt bread were recruited as consumer panelists. Respondents' profile of each panelist was asked such as name, gender, age, had previously participated in any taste tests of food products (yes/no), had consumed foods made from flour (yes/no), and had purchased or consumed supplemented salt bread (yes/no). The important qualities of supplemented bread were also determined by asking the panelists by ranking of qualities such as taste, odor/aroma, additional nutrients, appearance, packaging and other characteristics (1=most important quality). One whole piece of coded salt bread of each treatment was presented to each sensory panelist. Salt bread samples were presented to consumer panelists side-by-side. They were asked to rate the products based on their acceptability and preference. Consumer acceptance was determined using a 2-point hedonic scale (yes/no) and each product was given a rating (1=poor, 2=fair, 3=good, 4=very good, 5=excellent).
Preference was determined by ranking of samples (1=highest), with no tied answers allowed. Purchase intent was determined by asking the respondents if they would be willing to purchase the products if these were available in the market and if they were aware that the samples have additional nutrients (question was answerable by yes/ no). The frequency of positive responses was reported as percentage.
Nutritional analysis Vitamin C, β-carotene, and folate were determined by high performance liquid chromatography (AOAC, 2005) . Calcium and iron was determined by atomic absorption spectrophotometry (AOAC, 2005) . Total dietary fiber was measured by enzymatic-gravimetric (AOAC, 2005) , total sugars by Luff Schoorl titrimetry using the method of Egan et al. (1988) , and total fat by acid hydrolysis (AOAC, 2005) .
Statistical analysis ANOVA was used to evaluate nutritional and sensory data, except for rank scores, which were assessed using Non-parametric Friedman Test (Lawless and Heymann, 1999) . Subsequent comparison of means was done using Fisher's LSD (Meilgaard et al., 2007) . Except for Friedman Test, data were analyzed using SAS statistical software v. 9.1 (SAS Institute, Cary, NC, USA). All tests were done in duplicates at p=0.05 level of significance.
Results and Discussion
Screening of best formulation Figure 1 shows the salt bread supplemented with different levels of CCPL and PCPL. Sensory evaluation showed that greenness, rough surface texture, leafy aroma and taste, and after-taste scores of the treatments generally increased as the percentage of CPL increased (Tables 1 and 2 ). All sensory attributes of salt breads with 0.5% CCPL or PCPL were not significantly different with those of the control, although up to 1% CCPL was deemed acceptable because its overall acceptability rating was higher than 7.5, the rating set as the minimum level of product acceptability. Addition of CPL either in crushed or powdered form did not affect the denseness, moistness and tenderness of salt bread. As observed in several other studies, incorporation of dehydrated green leafy vegetables at less than 5% does not affect the texture and quality of food products (Gupta and Prakash, 2011; Singh et al., 2007) .
The samples were ranked according to overall quality.
Significant differences were observed among samples, with
Friedman statistic of 64.0 ( χ 2 =11.07), but based on rank sum scores shown in Table 3 , samples with 0.5% CCPL and PCPL were comparable with the unsupplemented salt bread. The differences of their rank sum scores with respect to the control were lower than 19.4, the Fisher's LSD. Hence, these samples were selected as final products and were subjected to consumer sensory evaluation and physicochemical and microbial analyses.
Consumer survey using 59 adult (≥18 yo) respondents consisted of 49% males and 51% females, with 41% belonging to the 25 _ 34 y/o age bracket. Majority (78%) of the panelists had previously joined in taste tests of food products, 98% had consumed foods made from flour, and 95% had purchased or consumed supplemented bread. The important qualities of supplemented salt bread for most of the panelists were taste, followed by odor/aroma, additional nutrients, appearance, packaging, and other characteristics such as texture, brand, size and safety seal.
Different forms (crushed and powdered) of CPL were used in the study to assess if supplementation would yield visually appealing products. This is because appearance of a food product is a primary driver for consumer selection and purchase, and is therefore, a critical factor in its commercial success (Meilgaard et al., 2007) . Salt bread with 0.5% CCPL obtained 97% acceptability from the consumer panelists (Table 4) , while salt bread with 0.5% PCPL received a slightly lower acceptability score of 93%. Ninety percent of the respondents showed willingness to purchase CCPL salt bread if it was commercially available, while 86% would buy PCPL salt bread. However, when the respondents were informed that the products had additional nutrients, there were slight improvements in purchase intent ratings to 93% for CCPL and 95% for PCPL, generally reflecting consumer awareness and acceptance of products with health benefits. This verifies earlier reports that nutritional information of a product has a significant effect on the willingness of consumers to buy and use the product (Chen et al., 2010; iv Nutritional Properties Nutritional security can be cheaply achieved through the use of green leafy vegetables (Gupta et al., 2005; Afolayan and Jimoh, 2009 ). Among others, the nutrients that will significantly be contributed by the CPL are iron, β-carotene and folate. The importance of these micronutrients in humans cannot be overemphasized. Plant is the main dietary source of iron, vitamin A (in the form of β-carotene), and folate for many people in rural areas of developing countries.
Enriched bread samples were lower in total sugars, moisture and total fat content, but significantly higher in calcium, iron, β-carotene, folate and total dietary fiber levels than the control (Table 6 ). The incorporation of chili pepper leaves remarkably increased the β-carotene content from 0.0 to 214.5 µg/100 g and 237.5 µg/100 g in bread 0.5% CCPL and PCPL, respectively. In a study by Manaois et al. (2013) , dried moringa leaves improved the beta-carotene content of rice crackers by eight times (19 to 152 µg/100 g) at a higher level of supplementation (2%), although processing of rice crackers requires higher temperature that could degrade beta-carotene. Dehydrated pumpkin, another vegetable well known for its high beta-carotene content, improved the carotenoid content of the product by only 5.5 times when used at 10% supplementation level in wheat bread (Rakcejeva et al., 2011) .
The amount of folate almost doubled from 237.5 µg/100 g in the control sample to 418.5 µg/100 g in 0.5% PCPL (Table 6 ). Like many green leafy vegetables, chili pepper leaves are significant source of naturally occurring folate that incorporating them in the salt bread enhanced the nutrient content of the product.
The iron level of the salt bread significantly increased by the addition of 0.5% CCPL (4.28 mg) and 0.5% PCPL (3.98 mg) (Table   6 ). These values and observations are similar to that reported by Singh et al. (2007) in products with green leafy vegetables, where folate for a 2000-calorie diet. In CCPL bread, the dietary fiber content also slightly improved from 1.68 g/100 g to 2.42 g/100 g.
Results indicated the potential of CPL as an inexpensive source of micronutrients for certain at-risk groups of the population and the use of salt bread as a good vehicle for supplementation. With the high beta-carotene, iron, and folate levels in chili-supplemented bread, children and pregnant women might benefit from eating the product to prevent deficiencies which may lead to blindness, anemia, and birth defects, among others.
Conclusion
Results of this study clearly showed that the leaves of chili pepper can significantly provide additional micronutrients when incorporated in salt bread as a means to improve iron, folate, and vitamin A nutrition in areas where iron deficiency anemia, vitamin A and folate deficiencies are prevalent. Use of CPL can be recommended to improve the micronutrient intake of the population. Utilization of CPL in other food products is therefore worth exploring.
